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AIWI’RAC’I’

Wc report medium resolution (0.025 m lIWI IM) electron-impacl induced cn~ission spectra of CO for 20,

100 and 200 CV impact  cncrgics.  “I”hc mission spectra correspond to the cxtrc.ruc ultraviolet (li[JV)

transitions from the 1] ] Z+ (0), C ] X+ (0) and 1 i’ I l(O) vibronic  sta[cs M the X lX+(0)  ground state. “l”he
.

p[cscnt  mcasurcmcnts arc carried OUI at 20 times  higher  spccwd rcsolu~ion (to scpcratc  the many blended

cmlponcnLs)  Cmnparcd  to our previous mcasurcmcnts  which were al a Spectral resolution of ().S nln

I(W1 lM. l’hc emission cross .scctions m-responding  to the B lX+(0)  -‘X ‘X+(0), C lX+(0)  ‘X lX+(0)  and

I{ 1 I 1(0) --)X lX+ (0) transitions were measured. in addi[ion, excitation functions (O-1 kcV) extending WCII

into the Born region have been measured for Ihc strmlg  transitions (11 ‘X+(0) “X lX+(0),  C lX+ (0)--’X

‘Y(0)) and oscillator strengths have been dctcnnincd  using a rnodificd  Dorn approximation analylic  fit to

the measured excitation function.



IN’1’J{OI)[J(Y1’ION”

Carbon monoxide is the most abundant il~tcrs[cllar molczulc  aflcr 112 and its isotopic varian(s  [ 1 ]

and is an imporwmt  constiwcn(  in the a[mosphcrc  of Venus 12]. “Jhcorclical  descriptions of the abundance,

excitation and dcstruc(ion  mechanisms of (X) arc limited duc to the lack of quantitative spectroscopic data

for (X) in the vacuum ultraviolet (WJV)  region [3]. A bctlcr understanding of the destruction of C() is

mccssary  for stucticxs  of airglow emission from planc(ary amosphcrcs,  as well as for studies of COmCLS and

fol models of the chemistry of the interstellar medium [2], Pho[ochcmical  models of interstellar clouds

have been dcscribcd in dc[ail  by numerous investigators [4-8]. ‘1’he  maili destruction mechanism for CC) in

lhc inlcrstcllar  regions is considered to bc l~lloloclissocialiol~,”  l’hc rclalivc  abundance of (X) (relative to

112) in d)c interstellar region has not been well undci stood thcorc(ical  1 y. “1’he rate at which the C{)

molcculc is photodissociawd  by LJV starlight is one of the major dw.orc.lical  uncertainties [ 1 ]. “1’his rate

ROVCI  ns the C/CO ratio, the abundance of (W and its growf(h with depth in diffuse interstellar clouds and

Ihc outer parls  of thick molecular clouds [1]. Reviews of pho[odissociat  ion proccsscs  of astrophysical

Jnolcculcs  which cmphasim the need for improved data for CC) were compiled by van IJistmck  [9, 10].

MOSI  rcccnlly  Morton  and Norcau [11] have colnpilcd wavcnumbcrs,  wavclcnglhs  and oscillator slrength

for abou(  1500 electronic transitions in Ihc (X) molcculc  and compared (I1c compiled data with existing

[ JV observations.

Photodissociation  of U) occurs in {he. wavclcngtl) range 91.2< A <111.8 mn [1]. Numerous

CXPCI  imcntal  studies of Ihc clcctmnic  stales  of (X) lying above the dissociation limit have bum pcrfonncd

in Icccn( years [3, 12-2A]. l%otodissocia[ion  of a molcculc  can take place cilhcr directly by continuous

absorption into the repulsive parl of an cxci[cd  clcc[mlic s[atc,  or indirectly by discrctc lillc  absorpdon

inlo prc.dissociating  states [9]. 1 ,aboratory cxpcritllcn[s  IMvc revealed no significant continuous absorption

into  the repulsive parl of an cxcilc41 clcc(rmlic  stale al wavelengths greater than 91.2 nm [3, 14, 15, 17].

(.)ualmu mechanical calculations of the clcctroliic  slruc[ul-c  of (X) by Cooper and Kirby 125] supporlcd

this conclusion. It was, thcrcfo[c,  co]lcludcd  [lIal  IIIC dissociation of (X) n]usl  lake place prcdo]nillantly

Illrough prcdissociation  of bound states and not dircc(ly  dlrough coll(inuum stales [ 1]. In order to fully



uu(lcrstanrt  the abundance, excitation and dissocia[iou  nlccllauislns  of (Y) iu lhc iu[crstcllar  medium, high

rcsolu(ion  spectroscopic studies of C() in tl]c. energy range 10.7 -13.6 CV arc required.

lU this paper, wc report, as a coutinua[ion of mlr Imvious work [20], the clcctmn-impacl  induced

emission spectra of (X) corresponding 10 [hc 1 l[JV trmsi[ious from (IIC B ‘X+, C 1X+ and 1; 1 I 1 states to

the X 1 Z+ ground state for 20, 100 and 200 CV clcckoll  impact  cucrgics.  in order to scpara~ the many

Mcudcd  spcclral  bands, the present mcasurcmcnts  were ctirricd  out at 2.0 times higher spccwd rcsolutiou

(1’WI lM=O.025  mu) than our previous mcmurcmcnts. lilnission  cross scc[ious corrcspondiug  to the D

1x+ (0) -+x 1x+(o)  ~ 1>:+  (())-~x 1x+(()) and Ii II 1(())  - ‘X 12+ (0) transitions were measured. II] additiou,

cxcila[ion  funclions  (O-1 kcV) cxtcndiug  WC]] into the I lot u region have been measured for the rcsouancc

Uausitions  (B ‘X+ (0)4X ‘X+(0), C ] X+ (0) -‘X ] X+ (0)) allowing the oscillamr  strcugths to k dctcrmincd

usiug a lnodificd  Doru approxitnatiou  analy[ic fi[ [O (IIC shape of LIIC measured cxci[ation  fuuc[iou [26,

2.7].

lCXI’ltItlhlltNrl’Al.  AI’I’ARA’1’lJS

I’hc cxpcrimc~ltal  apparatus, cal ihrat ion proccdurc  aud cross section mcasurcmcut  tcchuiquc

have been dcscribcd  in our rcccllt  publicalious  [28, ?9]. In brief, the medium resolution 1 .O-meter

spcctromctcr systcm was used iu ttic prc.scut  mcasurcll]cllls.  11 consists of an electron -impac.t collision

chamber in taudcm with a UV spcctromc(cr.  ‘1’hc spcctromctcr  has a rcsolutiou  capability of 0.025 um on

rcpcalcd  aud single spectral scaus.  ‘1’hc rcsolu[ion capability was vcrilicd  by scanning the Ar 104.8 nm

rcsonancc line. With equal cuwaucc  and cxi( sli~s the it~slrumcut  response function was triangular. (JV

cmissiou  spectra of C() were measured by crossing a lnagnctically  collimated beam of clcctmns with a

beam of C() gas formed by a capillary array. 1 in it(cd plmtons, corrcspouding  to radialivc  decay of

collisional  Iy cxcitcd  states of (X) were dctcc[cd  by (I)c ( JV spcctromctcr  equipped with a chancltron

detector. “1’l)c  resulting emission spcc[ra,  measured al 20, 100 aud 200 CV incidcl]t  clcch’ou  beam cucrgic.s

were calitmtcd for relative sensitivity as a fullc[ion of wal’clcug(h  accordiug  to [hc procrdurcs dcscribcd

by Ajcllo C( al. [30]. in order 10 dctcrmiuc  tllc absolu(c  value of IIIC emission cross scc(ion  cmrcspouding

to each lnc,asurcd  fca[urc,  onc addi (ionat procrdurc (uorlnal iz,atiou) mus( bc applied. ‘1’hc absolute cross
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scclion of (1IC spectral feature al 83.38 m, at 200 cV clcclmn  impacl energy, was chosen to normalize the

relative in(cnsitics  of the 1] lX+ (0), C 12+(0) and Ii  11 l(O) vibrouic  states of CO. ‘1’bc (N I (83.38 m)

fluomcmcc  signal produced by dissociative ioni~.atiol~  of (K) at 200 CV impact  energy was rmnpamd

with the fluorcsccncc  signal from the CO C ’22(0)- >X *X+(0) emission band at 108.79 nm at 200 CV

impact  energy under the idcnlical  gun conditions. A background gas prc.ssurc  about 1 x 10-5 ~“orr was

used to avoid self absorption effect on the C lX+ (0,0) band as discussed below. A well-cs(ablisbed absohnc

emission cross section value of 1.8 i 0.39 x 10-19 cln? for 011 (83.38 nn1)[20],  at 200 cV, was used to

normaliz.c  the signal sm.mgtb of tbc C() C lX+ (0,0) hand, at 200 cV, to an absolute emission cross scdion

value of 58.9 t 14.7 x 10-19 cn12.

‘1’IIc background gas pressure for the prcsclll  dctcrlnil)ation  of 03 clnission  cross sections was

carefully chosen 10 ensure optically tbiu conditions and [o avoid self-absorption cffcm, particularly for the

C ‘X+ (0,0) band at 108.79 nm. ‘1’hc oJ~crat  ing pressure must result iu an optical depth at line ccntcr of

lCSS tbau 0.1 for the optical path involved. Below this pressure the measured cross scclion will bc

indcpmdcn[  of pressure. l’hc following approach has been used to determine the maximum background

gas pressure that can bc used and still maintaiu optical I y [Ilin conditions. “1’bc relative intensities of tbc C

lX’ (0,0) band at 108.79 mn and (IIC 011 g 4S0 - 41’ multiplct  at 83.38 llm have been measured as a

fuuction  of prcssorc over the range 8 x 10-8 to 8 x 10-4 ‘J’orr.  ‘]’bc  01 I line is not cxpcc(cd  to exhibit any

optical depth effects in this  pressure Mnge and acts as a ]mnnali~ation feature. ‘1’IJc  intcnsi[y  ratio of these

fcalurcs  is shown in llig.1  and is approximately constant  up (o a backgrooncl  gas prcssorc of 2 x 10-5 l’orr

wbcn it begins to decrease, indicating [hc effect of self-absorption at 108.79 nm.

No corrections for polarization  of the radiation were made. l)olariz.atiou  of the radiation was

comsirtcrcd to be small where really  rotational stare contribrrtc to a vibrational band for an excited

lnolcculc.

lCXI’ltl{lhl  ItN’1’Al, RILSIII,’I’S ANI) l) ISCUSS1ON

Medium-rcsolotion, clcclron  impact c[nissiol~ sprcll-a  of CO in lhc IILJV region, at 20, 100 and

200 cV, arc shown in l:igs.  2, 3 WId 4 rcspcclivcly.  ‘11)(’sc  spectra WCIC oblai[md  ondcr optically thin
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cmdilims, at a spectral resolution of 0.02S nm (IWI lhl), find calibrated for wavclcngtb.  ‘I”bc background

gas pressure was 1 x 10-5 “1’orr.  ‘1’hc spccmd  fcmrcs arc idmificd in the figures. ‘1’bc spectral region

from 107.4 to 109.2 nui includes tbc dirccl  1{(JV lramilions  from dm Ii 11 l(O) and C ‘X+(0) cxcitcd

111(()) and C lX+ (0) features correspondvibronic  states  of (X). At the prcsmt  molution,  the observed 1:

exclusively to molccrdar transitions in CO. ‘1’bc spectral region from 114,8 to 115.4 m contains tbc 1 iLJV

trmsilion  from tbc II ‘U(O) cxcitcd state of C(), wbicb is blcndcxl  with an atomic  con~poncnt  (0111)-11)0

al 115.2 m) at 100 and 200 CV clcclron  impac[ c.ncr’gics.  (I;igs.  3 and 4). At 20 cV, an energy bdow tbc

threshold for dissociative excitation of a[omic mul(iple,ts,  the 11 1X’ feature corresponds purely to

molc~u]ar  transitions in C(J. ‘1’able 1 lists the candidate idcnlitica(ions  of cacb fcmrrc observed at this

spectral resolution [ogcthcr with the measured absolute emission cross scc(ions  at 20, 100 and 200 CV

electron impact cncrgics.  “J’bc root SIJm sqwwc urlrcrlairlly  in lhc ahsolu(c cross scc(ions givct}  in this work

was cs[irnatcd  to bc 2S Y(J based on dw unccrtair]tics  in dlc 011 (83.3  nm) cross scctiorl,  relative calibration

and signal statistics [28].

‘1’bc smongcsl  fcamrc  observed in (I)c 100 ml 2(K) CV emission spcclra  of (:0  cmrcsponds  10 the

(‘ lX”* –> X ‘Z+ (0,0) rcsonancc band. “Ibis feature con(ains  aJ>proxinlalcly  98% of dlc observed 1 iLJV

mission bctwccn  the C ‘X+ state and Ihc X lX+ stale [20]. “1’bis  is supporlcd  by cmsidcra[ion  of

urlpcrlurbcd  RKR liar] ck-Condon  factors calcula[cd for Ibc C- >X systcrn,  I ztmltcr C( al. rcporlcd tbc

brancbing r%tio loss to bc 7% via tbc (:- >A mission cbanucl  [ 17]. lixcila[ion  func(ions  measured in tbc

ranges f)-250  CV and O-1.0 kcv arc shown in l;ig. 5 and l:ig. 6 rcspcctivcly,  l’hc excitation function

sbapc.s arc typical of a dipole allowed transition. ‘1’bc cxci(ation  funclion for C() C ‘X+ –+ X lX+ (0,0)

rcsonarlcc band al 108.-19 nJn, from O m 25(J CV (1 ‘ig. 5 ), was lJsc41  10 dclcrminc  the 2(KJ to 20 CV and

200 to 100 CV emission cross scc(ion  ratios. ‘1’bcsc  ratios  were nccdcd to obtain the atmolutc  cmissior~

cross sc~lions  for lhc [:() [~ ‘~+ (0) -> X lX+ (()) band al ?0 aIId ]00 CV clcclron  ir]lpacl  cncrgics at 0.025

rim (l’W] JM) spccwal  resolution.

‘J ‘hc strongest fcalurc  obscJ-vcd ill our 20 CV sJx.c(rum  is tbc D 1 ~+ -> X 1X+ (0,0) band, Ilawd on

our previous paper [20], d~c 11 1X+ > X 1X+ (0,0) bal)d rcprcscnm  96% of [tic observed 1 i[JV emission

fro]n l]IC II slate of (X). “1’bc  II stale decays OJIly  by Iwo rxdiativc  channels: Ilmougb 11- >X lransi(ions  in
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the lJV and through 11- >A transitions  in (I1c visible spectral region. 1 ,cImlmr  c{ al. rcptmcd lhc

ftuorcsccncc  yield of the D- >A transition (i.e. branching ratio  loss) as 40% [17]. As shown in l:ig, 7,

[) 12;+  .> x 1x+ (0,0) baild  cxllit)i~s a s~rikillg  a,)~]naly ill l]IC Cncrgy dc~n(Jcncc of its clllissiO1)  Cross

scclion. in our earlier publication [20], wc argued lha[ this may bc attributed ci(hcr to an clcclron cxhangc

process or to a near threshold rcsonancc  of the 01 multiplcl  which blended with the 11 lX+ (0,0) feature.

‘1’hc higher spectral resolution (0.0’2S nm)-cxci~alion  fuuclion mcasurcmcnt  of the 11 lX+ (0) vibronic

SKMC indicated that spin cxchangc  plays a large part in the cxci(ation of the v’=0 level of the 11 lZ+ state

(since the 01 multip]ct  was resolved and cxchrdcd  from this mcasurcmcno.  ‘1’his  is also suppor[cd  by

diffcrcnlial  cross scc(ion  nmasurcmcm  for the clccmm-illlpacl  excitation of the D lX+ slate at 20 CV [23].

‘1’heir mcasurcmcnts  showed no slrong forward peaking but fairly isotropic angular distribution. It should

bc poinkxl out lhal even though Ihc 11 SMIC is dcsignalcd  as a singlcl  stale, the very sharp peak in the

excitation funclion of the 11 lX+ (0) state (I:ig. 7), at low electron impact cncrgics,  should arise from spin

cxchangc from a significant triplet admixlurc.  ‘1’hc sil]p,lcl chamctcr of this SMIC dominates at higher

cncrgics  in the excitation funclion.

l’hc ] i 1 I 1-> X 1X+ syslcm  was observed in our spmra  by the apparancc of the (0,0) msonancc

baud. No excitation function mcasurcnmt  for the 111 I 1 (0) -> X ‘X+ (0) transition was made  since the

cmissiou  from this band is found to bc very weak. No otllcr  transitions of the 1 i- >X systcm were observed.

RKR I:ranck-Condon  factor calculations, on the olhcr halid, indicate that  about 95%, of (11c 11(JV emission

f[om this state to the ground state occurs via tllc (0,0) transition [20].

Oscillator StrcII*ths

I%cvious  cxpcrimcntal  and Ilmorclical  (Iclcrlllill:iliolls  of oscillator shxmglhs  fv,vf from v“=O of Ihc

X lX” ground s(atc of C{) to diffcrcut  v’ Icvcls of the 11 lX+ and C lX+ states have been summarized by

Kirby and [kwpcr  [2]. CI’his  summary tlas bcc[l updated M include the work of (’lIHn  CI at. [22] and is

shown, logclher with prcscltt rcsul(s in ‘1’able 11.

We obtain the oscillator slrcngllls  for O]c (: IX+ (v’= O) -> X 12? (v”= O) and D lX+ (v’= O) -> X

lX~ (v”= O) transitions by analyzing  tllc clwrgy dcpclldclicc  of (IVJ measured cxcitaliou  func{ious  (from O
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m I kcV) comcsponding  to those tmnsilions.  ‘1’hc cxcilatioo  funcxions  for (1IC C *X+ (v’= O) -> X *X+ (v”=

()) and 11 lX+ (v’ = O) -) X 1X+ (v” = O) transitions (figures 6 and 7 rcspmivcly)  arc pul cm an absohm

scale by nmmali~.ing  thcm to the presently measured 200 CV emission cross sections for the C ] X+ (v’==0)

} X 12:+ (v”’=0) and 11 lX+ (v’=O)- > X l>;+ (v’’=O) tratisilions,  rcspcclivcly.  ‘1’bc emission cross sections

for the II -X (0,0) and C-X (0,0) vibronic  stales,  given ill ‘Ihblc  1, were cmrcc(cd  for (hc branching ratio

10SSCS  to a Iowcr  excited slate (A 111) based on the 1 ~tzcl[cr  cl al. [17] data. Tbc cmrcc[ion  is 40% for the

R -X(O,O) state and 7% for tbc C-X (0,0) slate. Cascade contributions from tbc 1; 111 state to tbc D-X (0,0)

and (:-X (0,0) is negligible [20].

Collision strcnj:th  data (cross scc[iml  x clcclron impact  energy ) for [bc rcsonancc bands of {X)

({; lX+ mid }1 lX+ ) were fitted using the following analyt irfil form for collision strength:

c) ~, I\,II (XV VVI,) = Co. (1 -J/X\, I\, I,) . (X\, Ii, J,-2)

wbcrc  f),},f),~~  (Xt,Jl,  F,) is tbc collision slrcngttl, X}, Ii, II is (I]c electron  impact  energy in lhresbold  units,  and

[Ik arc cons(ants of tbc function Q}, II,J, (X}, I), M) [26, 27]. ‘Ihc co]ls[ant  co rcprcscnts he contribution of

Rorn term and C8 is a coostant  in the mixing terms. ‘1’ab]c  111 gives the conslants  of cqn. 1 for tbc C() 11

lx,+ (V’= f))-  ~ x 1x+ (v”+ and  (: Ix+ (v’= ()- > x IX+ (v’’=O) transition  s.’l’hc  Cxcita(ion  CrOSS SCCtiOn  iS

given by the cqua[ion

0,,’,, ‘{x,,’,, “) = Q,,’v” (x,,’,, “) . (q,’,, “ . x,,’,, “)”’ , (2)

where O})j,J (XVJ,)II) is the cross scc[ioll  in alolnic  unils, and lil,Il) 1, is ttlc lr~nsi(ion energy in Rydtxlg

units. At the high  energy limit  the collision strcllg(b IMS tile following form:

(2 ,,’,!” (xl,’,,”)= q + c,. bl(x,,’,, ~), x,,’,,’-> 1 (3)

in the Dcfbc Appmximtion [27,31 ], [bc collision strcng[b is given by
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()8mao2  f“!.!<
(1 ,,’\,” (a’,,’v’j =(0,!! --— ~1 -–- (In x,,!,!, -i 4c,!”!,Ev,,  ,! )

iv),,!!
(4)

W])crc m,,,? is M lower slate  dcgcncmcy,  C}, IV ,, is a ~ollst~nt,  rc]atcd (O LIIC aljgular  distribution of the

scalwrcd  electrons, fv~v~t is the oscillator strength,  a. is (I)c  Ilohr radius, m is clectrou  mass, and }1 is the

Planck’s constant. Comparison of equations (3) and (4) gives us C7, onc of the coustants  it) the fitting

fuuction, which can bc related to the optical oscillator slrcngth at the high energy Iimil.  ‘1’hal is,

H8J?l(lo2 f,,,.
(:7 =  (r),, - — –  - -

112 1<,,,,$
(5)

As seen in liqn. (5), wc can dctcrminc  the optical oscillator strength. lkw tltc (W C lX+ (0)-+ X ‘X+ (0)

and lllX+ (0)- > X ‘X+ (0) transitions the optical oscillator strcugti)s  were found [o bc 15.4 t 4.1 x 10-2 and

1,15 f 0.3 x 10-2 rcspcctivcly.  l’hc cxpcrimc[ltal  cxci(filion  function and the titling  function for the (X) C

lX+ (0)- > X lX+ (0) and 11 lX+ (0)- > X 12+ (0) transitions arc shown in l:ig.  8 and l;ig. 9, rcspcctivcly.

‘1’hc errors mscoiatcd  with the oscillator strcugths  arc estimated as follows: (a) 25% error from

our the cmss-scc(icm  mcasurcmcm  and (b) 5 % error floni  ifm filling procedure. ln addition, it should bc

pointed out that the prcscncc of (hc low energy secondary c.fcclrous in the cleclron  beam could alter the

shape of an cxcita[ion  frmctirm  in the high cnc,rgy region and hcncc potctltially  give an increase to the,

measured value of C7 and hcuce (IIC optical oscillator slrcugth.  Our mcasurcmcnts  [32] showed tflat this

cffcc(  could give us an additional error up to 10% in IIW oscillator slrcng(h.  ‘1’hus  the overall error (square

root of the sum of the squares of [hc contributing crmrs) iu lhc oscillator strcng[hs  is cslimalcd  to bc

about 27%.

‘1’here arc many rcpor[cd  cxpcrimcn(al  mcasurcnlcnls  of the oscillator s[rcngth of the 111 X+ and

(~ 12;+ states. 1.argc variations have been fmm(i  among these values. l:or the D lX+ (0) -> X lX+ (0)

transition, comparison of tim oscillator’ sircngtils  gives a fair agrccmcn(  bc[wccrt (hc prcscnl  finding and

the rcsoits  of Aar[s and dcl iccr [1?], 1 asscitrc  and Skc[i)cic  [13] an(i (kin et ai. [22]. ‘1’ilc prcscui  rcsuil

is abou(  30% iowcr ti~au that of Aar(s and dcllcm  [ 1?] an(i 33% iowcr lilal~ ti~at of 1.asscllrc  and Siicrbclc

[13 ]. ‘1’hc prcscni  mcasurcmcnl  is, Ilowcvcr,  aboul 30% iargcr  than the most rcccnt  rcsut( of Charl c( ai,
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12?,]. The discrepancy bctwccn  the prcscn( mcasurcmcnl  and dic rcsul[s  of other invcsfigamrs  [2, 15, 17] is

found 10 bc quite Iargc. ‘1’hc other results arc 2.5 m 5.5 times smallc.r  than the prcscut  rcsuk

I;or the C ] Z+ (0) + X 1X+(0) transition, comparison of the oscillator strengths gives an

cxccllcnt  agrccmcnt  bctwczn  tbc present result and those of Aarls  and dc 1 Iccr [12] ( 4 % higher than

ours) and 1 zrsscurc  and Skcrbclc  [13] (about 6% higher than ours). ‘1’hc tbcxrrclical  result of Kirby and

[:oopcr  [12] is about 23% lower than ours. “1’hc value of 1.cc and (iucst  [ 15] is smaller than ours by an

order of maguitudc.  Our value is about 2.5 tilllcs  Iargel  dlan tbc n~casurcmcnt  of I x.welter cl al. [17].

1 Iowcvcr, our study shows that d)c (: 1X+ band is subject to pressure saturation cffccL Since pressure

CffCCLS  increa.sc with increasing oscillator strcngd],  tl]c effect of self-absorption of radiation in the ~ sta[c

will bc much larger than for d)c U s[am. ‘1’hercforc, ihc values of the oscillator slrcngths  reported by I cc

and {iucsl  [15] and I x.wcllcr  C( al. [ 17] for the (; ‘l;+ - > X 1X+ transition may well bc affcctcd  by

pressure saturation cffccLs. ‘1’bc most rcccn[ result of ~han C( al. [22] is in fairly good agrccmcnt  with the

prcsclll JtSU]l (d)C  diSagJ’CCJllCJit  is abmJl 2.3%).

SUMMARY ANI) CONC1.(JSION

We have measured lhc clcclron  iJnpact  induced cJnissioJl  spccu’a of ~0 corrcspoJldiJlg  [o dlc

IXJV transitions of the B lX+, (; ‘X+ and 11111  states 10 [I)c  X 12+ grouncl state for 20, 100 and 200 CV

cktron  impact cJ)crgicx.. l’hc prcscJlt  lJlcaslJreJncJ}ts  were. carried out at a spcc(ral  rcsollJtioJl  of 0.025 nm

(l’WJIM). ~;XCita(iO1l  flJllC[iOJl  JllCaSIJrCJllCJl(S  frOIJJ f) to ~ .() kCV fOr iwO rCSOJlaJICC  trallSiiiOJJS  (~ lX+ (())->

X 1>:+ (0) and D J X+ (O)- > X ] X+ (0)) were performed. “1’hc corrcspondiJlg  oscillator strengths were

dCtCJ’JJliJICd  IJSiJlg  a Jnodificd  Ilorn approxinlalioJl  aJlalytic  fit tO dJC StJapC  Of thC Jncasurcd  CXCitatiO1l

functiou [26, 27]. lior  the H lX+ (0)--> X 1X+ (0) transit ioJJ, coJJlparisoJ}  of fhc oscillator slrcJ@s  gives a

faiJ agrccmcnt  bclwccJi  the present tiJding  aJld the J“csults of Aarts  aJld dcllczr [ ]2], I assctlrc and

Slmbclc [ 13] and Hlan ct al. [22]. ‘I”hc disagrccJncJlt  bc[wccn d)c prcscJ]t  and odlcr rcs(Jlts  is, however,

quite largC, as SCCIJ iJl ‘1’able ]1. ]k)r lhc (; lX+ - ) X 1>;+ process, conlfmrisotJ  of the oscillator slrcngths

gives aJ~ cxcc]lcnt  agrccJncnt  with the cxpcriJncntal  values of Aar[s aJ}d dc 1 Iccr [ 12.], 1,assctlrc  and

Skrrbc]c [13]. The cxpcrilJ~cntal  value of (l~aJl ct al. [??] aJid the (hcorctical  vallJc of Kirby and {;oopcr



12.] arc in fairly good agrccmcn(  with our result. 1.argc discrepancies exist kctwccn the other rcporkd  SCLS

and the present result.

Serious discrepancies exist among  the Iimitcd nmasurcmcnts  of cross scclions  and oscillator

strengths rcporlcd  for 03. ~’hc.rc is a definite need for further nwasurcmcnts  10 improve on the present

situation. lirrthcr  investigations of this type, at room lcnlpcrahrrc  and at low tcmpcraturc  regime, arc

nccdcd. ‘l”hc importance of low tcmpcraturc mcasurcmcnls to learn more details about the molecular

clouds was poin[cd  out by IJishocck  and Dlack [10].

‘1’hc scope of this paper is lirnitcd  to the mcasurcmcnl of the emission cross sections and

oscillator slrcngths  of the direct  1 NJV transitions m the ground slate. 1 lowcvcr,  the importance of accurate

dc[crmination  of the prcdissociation  rates for lbc cxci[cd  slates  of (X) was strongly crnphasizcd  by several

investigators [1, 3, 19]. “1’hc predissociation  ralcs for the low rotational lCVCIS  of both the 11 111 (0)--> X

‘ 1 I 1 (1)-- > X ‘X+(0) bands arc, especially, w’ry imporlant  to understand the isotope-sclcctivcl);+ (0) and 1 t

pholndissocia(ion  of co [1]. The emission cross sections can bc used to cs(imatc the prcdissocia(ion  yickls

by comparison with the cmrcsponding electron impact cxcita(ion cross sections ob[aincd from electron

energy-loss n~casurcmcnls  provided any cascading con]poncl]ts  m and from (i.e. branching loss) the slams

in question arc taken into account. ‘1’his  type of approach, lmwcvcr,  is not very meaningful way to

dctc.rlnine  small prcdissociation  yield (typically 20% or snlallcr) of a state if the prcdissociation  yield (%)

Iics wilhin the combined pcrccnt  error limit ( typimlly  about 25%) for the emission and the excitation

cross scclions.  lnstcad,  a high rcso]ution s(udy of (I)c  propcrlics  of co rotational s[ruckrrc  at a varicly of

tcmpcramrcs  (20-300 K), employing the l’cr(urbcd ‘1’hcmnal Mode.1 [33] fit (o the data, is a more

meaningful and sensitive probe for weak Jmxlissociation. ‘I”his apJm)actl  has been used for the

rlc(crmination  of prcdissociation  yields of the C4’ 1X+ (0)- > X lY+ (0) state of N2 [32]. 1 aboralory

mcasurclncnts  of high spccual  resolution (up to 0.0015 ire)), optically thin LIV clnission spcctm  of (X), at

a variety of lcn~pcr%tures (20-300 K), arc in Jmgrms  10 d~itcrminc  J-level dcpcndcill  prcdissociation  rate.s.
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“J’ABI.11 IJ

Summary of Previous Determinations of Oscillator Strengths fv’v” (x 10-2) for the transitions
between the different v’ levels of the CO B ‘X+ and ~ lX+ states axial the ground state X lX+(V’’=O)
—.. . . .. —..-

Aarts and de Heera 1.5

Lassettre  and Skerbeleb 1.53* 0.]4

Lee and Guestc 0.24* 0.04

Letzelter  et al.d 0.45 0.07

Kirby and Coopere 0.21 0.03

Chan  et al.f 0.803 0.132

Present 1.15io.3

3.7 x 10-3

6x 104

c  lx+ ,v = o v = 1 v =2. .—. Y’=3

Aarts and de Heera 16.0

I,assettre  and Skerbeleb 16.3 * 1.5

Lee and Guestc 1.27 f 0.19

I.,etzelter  et al.d 6.19 0.28 <1 x 10-3 4.4 x 10-3

Kirby and Coopere 11.81 0.18 4x 10-4 1 x lo-~

Chan et al.f 11.77 0.356

Present 15.4i4.l

-———-.. .— ..— -. .--— ——

a Ref. 12.
b Ref. 13.
c Rt?f. 15.
d Ref. 17.
e Theory; Ref. 2.
fltef. 22.



‘1’AIII.E 111

CONS’1’AN’1’S  OF N1OI)IFII:I) lIORN  EQIJAT]ON(*J

CONSTAN’l°

c o

c1

q

c~

C4

C5

c 6

C7

Cg

(*) Modified Bon]  };qua[ion  :

1]1);+

0.1?786

-0.08866

0.18946

-0.30905

0.0

0.23518

-0.23518

0.058363

0.15849

~1~+

0.0

0.36130

-0,46074

2.62540

0.0

-1.1700

1.17(X)

0.73811

0.60256

(1~ (X) = Co . (I-1A) . (X-2)+ ~ Ck . (X-l). c~I>(-k.C~.X)  + C-5 + C6/ X + C17 . lrl(X)
k=l



l~IGUl{E CAP’1’IONS

Figurt’ 1. “1’hc  iltlt>l)si[v  rilli{)  of the (’() ~ l>;’ (0 ,0 )  band  a( 108.79 nm :illd [hc (“U 011 g 4S0-41)
mulliplcl  al 83.38 nm as a t’ullc(ion  of (X) background gas jmssurc.  ‘[’he ratio  is approxilllattly  constant
up (0 atmut 2.Ox 10-5 -’1’orr  and starts  dcacasing,  indicating the cffcc[  of self :ibsorplion  of lhc (X) ~ ‘X+
(0,0) band a~ 108.79 nm. ‘1’hc 011 g 4S0-41’ a~ 83.38 nm n~ultiple[  signal which exhibits no oplical  depth
cffcc[s  acts w, a normalizitirm  fcaurrc.

Figure 2. Calibrated, nlcdium-resolution (0.025 nm lW1 IM) clcc[ron impact spectrum of (X) at 20 eV.
‘1’hc  spectrum was obtained in the crossed-beam mcxtc at 1.0 x 10-5 -“1’orr background gas pressure. P and
R branches are separated for the ~ - X (0,0) and B - X (0,0) transitions. I{lnission  cross scrxions  for the
idcn~ified features arc listed in ‘1’able 1.

Figure 3. ~alibra@  mc(fium-resolution (0.025 nm IWIIM) electron impact spectrum of (X) at 100 eV.
‘1’hc spectrum was obtained in the crossed-beam mode at 1.0 x 10”5 --l’orr’ background gas pressure. P and
R branches arc separated for the (2 - X (0,0) and B - X (0,0) transitions. Emission cross sections for the
identified features are listed in Table J.

Figure 4. ~alibrated, medium-resolution (0.025 nm lW1 lM) clcctroll  impacl  spcctru]n  of CW at 200 cV.
‘J’hc  spectrum was obtained in the erosscd-bcarn  mode at 1.0 x 10-5 -“1’orr background gas pressure. P and
R branches arc separated for the ~ - X (0,0) and B - X (0,0) transitions. }hissioll  cross sections for the
identified features are listed in I’able I.

l~igure S. Relative emission cross  section (excitation function) of the (X) C lX+ (0,0) band at 108.79 nm
from O 10250 CV electron impact energy. Appcarallcc  I’olcntial  (Al’) shown in the fi.gurc is at 11.397 eV.

F’igure  6. Rcla[ivc  cn]ission  cross scc(ion (cxcitatiun  function) of the CO (~ 1X+ (0,0) band at 108.79 Nm
fron] () 101000 cV clccuwn impact energy.

Figure 7. Relative emission cross section (cxci(ntion  fullctirm)  of the H) B lx+ (0,0) band at 115.05 nm
fronl O to 1000 eV clcctrcm impact energy.

Figure  8. collision  strength of lhc CC) C lX+ (0,0) band at 108.79  nm model and data plourd agtiinst
energy (10- 1000 cV). l“hc oscillator strength (f-value) for ll]is  fca(urc  is dctcrmincd  as 0.154.

Figure 9. Collision strength of lhc co B lX+ (0.0) band at 115.05 nm model and da(a plotted against
energy (10-1000 cV). ‘1’hc oscillator strength (f-value) fm this feature is detcnnincd  as 1. 15X10-2.
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